1.. Introduction {#S5}
================

Cystic fibrosis (CF) is caused by mutations in the CF transmembrane conductance regulator (*CFTR*) gene \[[@R1]\] leading to absence or dysfunction of the CFTR protein. Features of CF lung disease include mucus dehydration, chronic inflammation and impaired clearance of bacterial pathogens \[[@R2]\]. The most common CF-causing mutation is a deletion of three nucleotides leading to the loss of a phenylalanine at position 508 of the protein (p.Phe508del \[F508del hereafter\]). Nearly 90% of patients with CF have an F508del-encoding mutation (F508del-*CFTR* hereafter), and over half of these individuals are homozygous for the mutation \[[@R3],[@R4]\].

CFTR is a chloride and bicarbonate channel that is expressed at the apical membrane of epithelial cells in various organs including the upper and lower respiratory tracts \[[@R5]\]. CFTR has additional regulatory roles including inhibition of sodium transport through the epithelial sodium channel (ENaC), activation of other epithelial transporters, and pH regulation \[[@R6]--[@R10]\]. Dysfunction of CFTR therefore leads to ion transport defects, which can be detected in the upper airways by measuring the Nasal Potential Difference (NPD). NPD is a direct and sensitive method of evaluation of chloride and sodium transport across the nasal epithelium by assessment of transepithelial bioelectric properties, and with the appropriate reagents is specific for CFTR-dependent chloride transport \[[@R11]--[@R15]\]. The nasal epithelium shares histological and ion transport features with the bronchial epithelium \[[@R12]\]. NPD is used to diagnose CF in patients with equivocal results from sweat and genetic testing, and has been used as an endpoint for investigating CFTR-targeted interventions such as CFTR modulators and gene transfer \[[@R14],[@R16]--[@R18]\]. In several studies evaluating CFTR-directed correctors and potentiators, NPD responses towards normal were associated with improved sweat chloride and clinical improvements in later phase studies \[[@R17],[@R19]--[@R21]\].

Substantial progress has been made in the development of disease-modifying therapies using small molecules that directly target CFTR \[[@R16],[@R17]\]. However CFTR-enhancing therapies with broader applicability and greater efficacy are still needed. Recently, molecular therapies that target RNA have been successfully advanced as a novel treatment option to target specific mutations in diseases such as Duchenne's muscular dystrophy and spinal muscular atrophy \[[@R22],[@R23]\]. Eluforsen,^[2](#FN4){ref-type="fn"}^ previously known as QR-010, is an antisense 33-mer RNA oligonucleotide with a phosphorothioate backbone and full 2'-O-methylation, designed to bind specifically to the mRNA region around the F508-encoding deletion and to restore CFTR protein function in the airway epithelium. Pre-clinical data showed that eluforsen improved CFTR function as measured by in vitro functional assays using primary bronchial epithelial cultures from F508del-*CFTR* homozygous donors and NPD in F508del-*CFTR* CF mice \[[@R24]\]. Based on these data, eluforsen is being developed as a novel RNA-based therapy for patients with CF carrying the F508del-*CFTR* mutation. The aim of this exploratory study was to assess the ability of topical, intranasal administration of eluforsen to improve CFTR biological activity in respiratory epithelium as assessed by NPD in subjects with CF who are homozygous or compound heterozygous for the F508del-*CFTR* mutation.

2.. Methods {#S6}
===========

Further details of the methods are provided in the online [supplementary material](#SD1){ref-type="supplementary-material"}.

2.1.. Study design and participants {#S7}
-----------------------------------

This was an exploratory, open-label study conducted at five hospitals in the USA and Europe. The trial is registered with [clinicaltrials.gov](http://clinicaltrials.gov) ([NCT02564354](https://clinicaltrials.gov/ct2/show/NCT02564354)). The protocol and informed consent form were approved by the institutional review board or independent ethics committee at each investigational site prior to study initiation, and the study was conducted in accordance with the ethical principles of Good Clinical Practice and the Declaration of Helsinki. Each subject provided written informed consent at screening, prior to undergoing any protocol-related procedures. Eligible participants were aged ≥18 years, had a confirmed diagnosis of CF (sweat chloride N60 mmol/L), with confirmation of the F508del-*CFTR* gene mutation (homozygous or compound heterozygous), and a total chloride transport response consistent with CF (i.e. more positive than −6.6 mV) as measured by NPD at baseline. The assessment of the NPD for eligibility included a quantitative analysis of the total chloride response that was based on real time NPD review performed by the enrolling investigator. This was necessary, as the central NPD analysis laboratory could not provide real time quantitative analysis for the pre-dose NPD tracings and simultaneously preserve blinding to site and study timing. A total chloride transport response (i.e. a response to chloride-free plus isoproterenol infusion \[Cl-free+iso\]) more positive than −6.6 mV has a 95% sensitivity to discriminate between CF and non-CF subjects, as derived from the Therapeutic Development Network (TDN) database \[[@R25]\]. Further eligibility criteria are shown ([supplementary Table S1 in the online supplement](#SD1){ref-type="supplementary-material"}. Use of ivacaftor or lumacaftor was prohibited from 30 days prior to screening through to the end of the study, and ancillary therapy regimens and airway clearance techniques remained consistent throughout the study period. Subjects were grouped into an F508del CFTR homozygous cohort and a compound heterozygous cohort.

2.2.. Analysis populations {#S8}
--------------------------

The safety population included all subjects who received at least one dose of eluforsen. The full analysis set included all subjects who received at least one dose of eluforsen and had one or more pre- and one or more post-baseline NPD assessments. The per-protocol population included all subjects in the full analysis set with an average baseline Cl-free +iso NPD response more positive than −6.6 mV.

2.3.. Procedures {#S9}
----------------

Subjects received 10 mg eluforsen (5 mg/250 μL saline per nostril) via bilateral intranasal administration three times a week for 4 weeks (unless an intolerable adverse event \[AE\] was experienced), for a total of 12 doses. The dosing regimen used was based on preclinical data from NPD studies of eluforsen in mice \[[@R24]\]. Eluforsen was administered via the LMA Mucosal Atomization Device 300 (Teleflex, Wayne, PA, USA) by a trained healthcare provider. NPD and nasal assessments (via the Nasal Examination Rating Scale \[NERS\]) were conducted according to the standard operating procedure used by US Cystic Fibrosis Foundation TDN and European Cystic Fibrosis Society Clinical Trials Network (CTN; SOP 528.01). NPD solutions were shipped to all sites by a central provider to avoid variability in the preparation. In brief, the procedure for NPD assessment involved recording voltage tracings from the left and right nostrils while solutions were sequentially perfused through a nasal catheter. Solutions comprised Ringer's solution to assess the basal potential difference (PD), amiloride to inhibit ENaC, chloride-free solution to induce an electrogenic chloride gradient, isoproterenol to stimulate cyclic adenosine monophosphate-dependent chloride secretion across the epithelium and adenosine triphosphate to stimulate calcium-activated chloride conductance (serving as a positive control for epithelial membrane integrity) \[[@R11]--[@R14],[@R19]\]. The final quality review and scoring were performed by a single independent central reader who received data in a randomised batched manner, and was blinded to genotype, subject ID and time point. Assessment of nasal symptoms for safety monitoring was conducted using the Sino-Nasal Outcome Test (SNOT-22).

2.4.. Outcomes and measurements {#S10}
-------------------------------

The primary endpoint was the within-subject change from baseline in total chloride transport (Cl-free+iso), measured by NPD. Other chloride transport parameters that were assessed included change in PD following Cl-free perfusion (delta Cl-free) and change in PD following isoproterenol perfusion (delta iso). The sodium transport parameters that were assessed included the average basal PD (from five sites in the inferior meatus) prior to infusion of any solution, the maximum basal PD prior to infusion of any solution, PD following perfusion of Ringer's solution (Ringer's PD) and change in PD following perfusion of amiloride (amiloride PD). This selection of NPD parameters was based on those recommended by Rowe et al. \[[@R19]\]. The primary data analysis was based on the average measurements of both nostrils. To provide baseline stability, baseline was defined as the average of the two most recent pre-dose values, where each pre-dose value was the average of two nostrils.

2.5.. Statistical analysis {#S11}
--------------------------

All NPD data were assessed for normality using graphical and diagnostic statistics. NPD analyses were performed in each cohort. In accordance with the predefined statistical analysis plan, changes from baseline to day 15, day 26 and day 47 for each cohort were tested by one-sided paired t-tests at the 5% alpha level. The primary NPD response (i.e. a response to Cl-free+iso) was pre-defined as a decrease, which is, by definition, a one-sided response. As such, to be consistent with the primary objective of the trial (i.e. to demonstrate a decrease in Cl-free +iso), the statistical test was pre-planned as one- sided. Summary statistics, p values and corresponding 90% confidence intervals (CIs) are provided.

3.. Results {#S12}
===========

3.1.. Subject disposition and demographics {#S13}
------------------------------------------

Subjects were recruited between 19 October 2015 and 14 July 2016. As shown in [Fig. 1](#F1){ref-type="fig"}, 18 eligible subjects with CF were enrolled in this study. Three subjects in the homozygous cohort and one subject in the compound heterozygous cohort did not meet the NPD entry criterion (Cl-free+iso value was more negative than −6.6 mV at baseline) when assessed by the independent central reader and so were excluded from the per-protocol population (*n* = 7 per cohort; [supplementary Table S2](#SD1){ref-type="supplementary-material"}). A summary of baseline characteristics ([Table 1](#T1){ref-type="table"}) reveals typical clinical features of the classical CF phenotype. All subjects in the compound heterozygous cohort had a different mutation on the second allele. Of the NPD tracings, 4/204 (homozygous) and 10/164 (compound heterozygous) could not be used due to uninterpretable readings, as judged by a blinded interpreter. Subjects in the compound heterozygous cohort were older than those in the homozygous cohort, and showed a more negative baseline Cl-free+iso value ([Table 1](#T1){ref-type="table"}), but this was within the range of expected CF values.

3.2.. Chloride transport {#S14}
------------------------

Eluforsen was associated with increased total chloride transport as assessed by NPD from baseline to end of treatment (EOT) and at post-treatment follow-up for subjects in the homozygous cohort ([Fig. 2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}, and [Table 2](#T2){ref-type="table"}). This was observed as an increase in polarisation of the nasal epithelium (i.e. more negative values) following Cl-free+iso on day 15 (mean change −3.0 mV \[90% CI --6.6; 0.6\], *p* = .08), which was significantly increased by EOT on day 26 (mean change −4.1 mV \[90% CI --7.8; −0.4\], *p* = .04) and sustained at the final post-treatment study visit on day 47 (mean change −3.7 mV \[90% CI --8.0; 0.6\], *p* = .07). Sensitivity analyses of the Cl-free+iso data of the homozygous cohort showed that the different analysis methods were consistent with the results from the primary analysis method (i.e. the average of both nostrils method; [supplementary Fig. S1](#SD1){ref-type="supplementary-material"}). The relative contributions of Cl-free response versus isoproterenol response to the total chloride transport were similar in magnitude (delta Cl-free versus delta iso; [Table 2](#T2){ref-type="table"} and [supplementary Fig. S2](#SD1){ref-type="supplementary-material"}). Individual subject data demonstrate a favourable distribution of responders with active treatment ([supplementary Figs. S4](#SD1){ref-type="supplementary-material"} and [S5a](#SD1){ref-type="supplementary-material"}). Eluforsen did not increase mean total chloride transport in the compound heterozygous cohort ([Fig. 2](#F2){ref-type="fig"}; mean change: day 15 + 2.4 mV \[90% CI --1.0; 50.8\], day 26 + 2.2 mV \[90% CI --2.1; 6.4\] and day 47 + 3.0 mV \[90% CI --1.1; 7.2\]). Sensitivity analyses of the Cl-free+iso data for the compound heterozygous cohort are shown in [supplementary Fig. S3](#SD1){ref-type="supplementary-material"}; individual subject data for the compound heterozygous cohorts are shown in [supplementary Figs. S4](#SD1){ref-type="supplementary-material"} and [S5b](#SD1){ref-type="supplementary-material"}.

3.3.. Sodium transport {#S15}
----------------------

Several different measures of sodium transport (average basal PD, maximum basal PD, Ringer's PD and amiloride-sensitive PD) were evaluated to assess the effect of eluforsen on ENaC activity. Treatment with eluforsen resulted in decreased (more positive) average basal PD at day 26 only (mean change +9.4 mV \[90% CI 1.1; 17.7\], *p* = .04) in the homozygous cohort ([Figs. 2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"} and [S6a](#SD1){ref-type="supplementary-material"}, and [Table 2](#T2){ref-type="table"}). Sensitivity analyses of the average basal PD data for the homozygous cohort showed that the different analysis methods were consistent with results from the primary analysis method ([Fig. S1](#SD1){ref-type="supplementary-material"}). Maximum basal PD was also improved, but no meaningful change in Ringer's PD or amiloride-sensitive PD was observed ([supplementary Fig. S7](#SD1){ref-type="supplementary-material"}), possibly due to the small number of subjects \[[@R19]\].

3.4.. Safety {#S16}
------------

Eluforsen was well tolerated during the study. No serious AEs were reported. Mild-to-moderate AEs were reported in 15/18 subjects; one subject reported several severe AEs related to a probable viral infection 8 days post-treatment. AEs were reported most frequently in the respiratory and gastrointestinal systems ([supplementary Table S3](#SD1){ref-type="supplementary-material"}); 25/71 AEs were considered drug related. There were no changes in SNOT-22 and NERS from baseline ([supplementary Tables S4](#SD1){ref-type="supplementary-material"} and [S5](#SD1){ref-type="supplementary-material"}).

4.. Discussion {#S17}
==============

We have shown that repeated administration of the antisense oligonucleotide eluforsen generated an encouraging signal of improved CFTR biological activity in subjects with CF who are homozygous for the F508del-*CFTR* mutation. This is the first demonstration of improved CFTR function using an antisense oligonucleotide therapeutic approach in CF subjects. These data further strengthen available preclinical data on eluforsen, where improved CFTR function was also demonstrated as measured by in vitro functional assays using primary cultures from F508del-*CFTR* homozygous donors and NPD in F508del-*CFTR* CF mice \[[@R24],[@R26]\]. Together, these data support eluforsen development for patients with CF homozygous for the F508del-*CFTR* mutation.

We have shown that eluforsen administered three times weekly for 4 weeks to the nasal mucosa in the F508del-*CFTR* homozygous cohort improved total chloride transport from day 15 onwards. This was supported by various sensitivity analyses of the total chloride transport response and by improved (i.e. decreased) basal PD observed on day 26. The latter finding is consistent with the hypothesis that increased CFTR activity would reduce ENaC activity due to the known regulatory relationship between CFTR and ENaC activity \[[@R6]--[@R10]\]. Although encouraging, improvement was only observed at day 26, and not all sodium transport parameters improved. NPD has been used as an outcome measure in several development programmes with CFTR-directed treatments. The magnitude of the increase in total chloride transport and the corresponding improvement in sodium transport observed with eluforsen in the homozygous cohort, approaches the magnitude of the effect for ivacaftor in patients with the G551D-*CFTR* mutation \[[@R17],[@R19]\], which later demonstrated clinical benefit in phase 3 studies \[[@R20]\]. Furthermore, in a phase 2 study with lumacaftor in patients with CF homozygous for the F508del-*CFTR* mutation, no improved total chloride transport was observed, and lumacaftor did not show clinical efficacy in this patient population \[[@R21]\]. In contrast, in an early single-center phase 2 study of ataluren in patients with CF due to nonsense mutations \[[@R27]\], improved total chloride transport (without corresponding improved sodium transport) was reported, but subsequent phase 3 studies of ataluren did not confirm these results and clinical benefit was not demonstrated \[[@R28],[@R29]\]. These differences may be due to lack of standardisation in small single-centre studies, over-interpretation associated with small studies without placebo control and marginal effect sizes, or intrinsic variation of the measurement of the method.

The prolonged duration of action observed in the homozygous cohort is consistent with data from studies performed in non-human primates, which showed a prolonged half-life for eluforsen (unpublished data, ProQR Therapeutics, Leiden, the Netherlands). This long duration of action has also been described for other antisense oligonucleotides \[[@R30]\]. Therefore, these findings in patients are consistent with preclinical results and support proof of concept of eluforsen biological activity \[[@R24],[@R26]\].

No detectable improvements in CFTR function were observed with eluforsen dosing in the F508del compound heterozygous cohort. The slight depolarisation observed for total chloride transport response over time was comparable to that observed in placebo groups in other NPD clinical trials \[[@R12],[@R21],[@R27]\]. The absence of treatment effect in this group of patients who are compound heterozygous for F508del-*CFTR* may represent the reduced availability of F508del-*CFTR* mRNA substrate for eluforsen interaction. This lack of pharmacodynamic activity in the compound heterozygous cohort strengthens the interpretation of results in the F508del-*CFTR* homozygous cohort as representing a specific effect.

Several aspects of the present study should be considered when interpreting the activity of eluforsen. First, NPD assessments are technically challenging and this may explain some inconsistencies in prior trial results, as was the case for studies investigating ataluren, where early uncontrolled and unblinded phase II study results in patients with nonsense-mediated CF \[[@R27]\] reported improved total chloride transport, while subsequent phase III studies did not confirm these NPD results or demonstrated clinical benefit \[[@R28],[@R29]\]. To increase NPD assay validity for use in multicentre clinical trials, critical operational advancements have been implemented over the past several years, including rigorous standardisation of procedures (common TDN/CTN protocols), central supply of NPD reagents and materials, common equipment including electronic data capture and centralised blinded data interpretation. These operational innovations were employed for our study and resulted in quality data from N96% of tests. In studies of ivacaftor \[[@R17],[@R19]\] and lumacaftor \[[@R21]\], these standardisation efforts have been associated with improved predictive performance of NPD. Second, the early phase nature of this study and lack of available preexisting data on eluforsen in humans supported an early proof of concept study with an open label design. To minimise bias from this choice, all centralised assessments of NPD tracings were blinded to visit and genotype, and all calculations of change were made in mixed batches of tracings. However, operator bias cannot be completely avoided with this design. Third, as indicated in the methods section, the post-hoc exclusion of subjects not meeting the NPD inclusion criterion, as a result of real time NPD review by the enrolling investigator rather than central reader assessment of all pre-dose NPD tracings, has the potential to result in bias. A consequence of the central reader approach was that only after completion of scoring by the central reader it became apparent that three subjects in the homozygous cohort and one subject in the compound heterozygous cohort did not meet the NPD inclusion criterion. Lastly, this early phase study included a small number of individuals and the point estimate around the detected effect, while reasonable in magnitude and statistically significant by the statistical analysis plan, had wide confidence intervals.

In this study, the observation of a clear directional NPD improvement in the homozygous cohort across numerous sensitivity analyses and the absence of improved NPD response in the compound heterozygous cohort indicate the capacity to differentiate a treatment response. Such findings are similar to other studies assessing CFTR function where NPD demonstrated bioactivity of novel therapeutics, including trials of *CFTR* gene transfer and CFTR modulators \[[@R14],[@R16]--[@R18],[@R27]\]. This partially mitigates some limitations inherent to this early phase study design and lack of a placebo group, but further investigation is required to examine the consistency, longevity and clinical benefit of the observed response.

The results of this study provide encouraging data for improved CFTR function with eluforsen treatment, based on chloride transport parameters and supportive sodium transport parameters assessed by NPD in CF subjects homozygous for the F508del-*CFTR* mutation. Importantly, eluforsen was well tolerated. The findings from this study are supported by an early phase dose escalation clinical study (PQ-010--001, [NCT02532764](https://clinicaltrials.gov/ct2/show/NCT02532764)) in F508del-*CFTR* homozygous subjects showing that inhaled eluforsen had a favourable safety profile and an early therapeutic benefit based on clinically meaningful improvements in the CF Questionnaire-Revised respiratory domain \[[@R31]\].

Therapeutic agents targeting RNA such as antisense oligonucleotides are a growing area of research, and with the recent success of other oligonucleotide approaches in genetic disorders, translation of these novel technologies into CF treatment may bring a new therapeutic class to the field \[[@R22],[@R23]\]. The results from this early proof of concept study indicate that eluforsen may be suitable for further development and provide support for additional larger controlled studies using the inhaled pulmonary route of delivery of eluforsen to assess therapeutic benefit in patients homozygous for the F508del-*CFTR* mutation.
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![Trial profile. Patient numbers differ between safety population (full analysis set) and per-protocol population due to subjects not meeting NPD inclusion criterion (−6.6 mV cut-off established by TDN to discriminate between non-CF and CF values) when interpreted by a central reader, as described in the Methods and Discussion sections. \*Did not meet the NPD inclusion criterion (CI-free+isoproterenol value was more negative than −6.6 mV at baseline). CF, cystic fibrosis; NPD, Nasal Potential Difference; TDN, Therapeutic Development Network.](nihms-1586840-f0001){#F1}

![Parameters of NPD. Error bars show 90% CI of the mean. Change from baseline in total chloride transport (Cl-free+iso; left) and average basal PD (right) presented for both homozygous and compound heterozygous cohorts (per-protocol population), showing mean (and CI) for all time points (a) and individual data on day 26 (b). Mean total chloride transport and average basal PD values at day 0 are presented in [Table 1](#T1){ref-type="table"}. CI, confidence interval; Cl-free+iso, within-subject change from baseline in total chloride transport; EOT, end of treatment; NPD, Nasal Potential Difference; PD, potential difference.](nihms-1586840-f0002){#F2}

###### 

Baseline and demographic characteristics.

                                    Homozygous cohort (*n* = 7)   Compound heterozygous cohort (n = 7)
  --------------------------------- ----------------------------- --------------------------------------
  Age (years)                       27 (20; 36)                   36 (18; 63)
  Sex, n (%)                                                      
   Male                             5(71)                         3(43)
   Female                           2 (29)                        4(57)
  BMI (kg/m^2^)                     22 (20; 26)                   23 (20; 28)
  History of sinus surgery, n (%)   0 (0)                         2 (29)
  History of nasal polyps, n (%)    0 (0)                         3(43)
  Predicted FEV~1~ (%)              72.7 (45.2; 108.8)            72.7 (52.3; 93.8)
  Sweat chloride (mmol/L)           104.3 (80.0; 117.5)           104.6 (86.0; 134.0)
  SNOT−22 total score               15 (8.0; 23.0)                21 (8.0; 59.0)
  Cl-free + iso (mV)                +1.9 (−4.0; 6.4)              −0.8 (−5.0; 6.3)
  Delta Cl-free (mV)                +1.3 (−5.1; 4.5)              −0.4 (−4.9; 6.8)
  Delta isoproterenol (mV)          +0.6 (−1.7; 1.9)              −0.3 (−3.7; 4.8)
  Average basal PD (mV)             −31.9 (−44.3; −16.4)          −27.0 (−45.0; −15.8)
  Maximum basal PD (mV)             −39.5 (−49.9; −19.7)          −34.4 (−53.8; −18.1)
  Ringer's PD (mV)                  −42.7 (−72.7; −20.9)          −32.8 (−60.5; −18.0)

Data are mean (range) unless otherwise specified. Each subject in the compound heterozygous cohort had a different mutation in the second allele: p.Gln493, splicing (c.489 + 1 G N T), p.Asn1303Lys, p.Ile336Lys, splicing (c.2657 + 5 G N A), p.Tyr1092 \[STOP\] and splicing (c.1585--1 G N A).

BMI: body mass index; Cl-free+iso: within-subject change from baseline in total chloride transport; FEV~1~: forced expiratory volume in 1 s; PD: potential difference; SNOT-22: Sino-Nasal Outcome Test.

###### 

Mean change from baseline values for the different chloride and sodium transport parameters as assessed by NPD for the homozygous cohort (per-protocol population).

                                       Day 15                      Day 26 (EOT)   Day 47 (EOS)                                                       
  ------------------------------------ --------------------------- -------------- ---------------------------- ------- ----------------------------- -------
  Chloride transport parameters (mV)                                                                                                                 
   Cl-free+iso                         −3.0 (4.9) \[−6.6; 0.6\]    0.080          −4.1 (4.5) \[−7.8; −0.4\]    0.039   −3.7 (5.9) \[−8.0; 0.6\]      0.072
   Delta Cl-free                       −0.9 (3.4) \[−3.4; 1.6\]    0.249          −2.7 (2.0) \[−4.3; −1.1\]    0.011   −1.4 (3.2) \[−3.8; 1.0\]      0.152
   Delta isoproterenol                 −2.1 (1.9) \[−3.5; −0.6\]   0.015          −1.4 (2.7) \[−3.7; 0.8\]     0.131   −2.3 (3.9) \[−5.2; 0.5\]      0.082
  Sodium transport parameters (mV)                                                                                                                   
   Average basal PD                    −1.9 (4.8) \[−5.4; 1.6\]    0.832          +9.4 (10.1) \[1.1; 17.7\]    0.036   +0.4 (7.8) \[−5.4; 6.1\]      0.453
   Maximum basal PD                    −0.8 (4.2) \[−3.9; 2.3\]    0.681          +6.8 (9.4) \[−0.9; 14.5\]    0.068   −1.0 (9.6) \[−8.0; 6.0\]      0.604
   Ringer's PD                         +0.8 (6.4) \[−3.9; 5.5\]    0.377          −1.0 (11.1) \[−10.2; 8.2\]   0.582   +0.9 (16.0) \[−10.9; 12.7\]   0.444
   Amiloride PD                        +5.8 (3.7) \[3.1; 8.6\]     0.997          3.4 (8.7) \[−3.8; 10.5\]     0.808   −0.01 (13.4) \[−9.8; 9.8\]    0.499

SD, 90% CI and corresponding p value (paired t-test, one-sided alpha = 0.05) are shown. CI: confidence interval; EOS: end of study; EOT: end of treatment; iso: isoproterenol; NPD: nasal potential difference; PD: potential difference; SD: standard deviation.

[^1]: Author contributions

    Author contributions were as follows. IS-G, JPC, DPN, KDB, GMS, JSE, WdH, NP-L, NH and SMR contributed to the design of the study. IS-G, JPC, DPN, JAN, KDB, GMS and NT contributed to the collection of data. SMR acted as central reader for NPD data. JB and FB contributed to the statistical analysis plan. All authors contributed to the interpretation of data and drafting and revising the manuscript, and approved the final version.

[^2]: These authors contributed equally to this work.
